T. Handler
An essential ingredient to accurately model backgrounds in heavy quark systems involves the identification and categorization of missing decay channels in the charm sector. This is particularly important for the D + s decays where a substantial part of its hadronic decay rate is yet to be identified. Only two D −3 . The two Cabibbo suppressed channels differ by an order of magnitude (partly due to phase space) and additional decays are needed to establish patterns. In this paper we report the discovery of two Cabibbo suppressed de- [4, 5, 6] . Throughout this paper, charge conjugate modes are implied unless explicitly stated otherwise.
II. THE FOCUS EXPERIMENT
The data come from 6 billion events recorded during the 1996-1997 fixed target run at Fermilab. Electrons and positrons with an endpoint energy of approximately 300 GeV bremsstrahlung, yielding photons which interact in a segmented beryllium-oxide target to produce charmed particles. The average photon energy for events which satisfy our trigger is approximately 175 GeV. Charged particles are tracked and momentum analyzed by a system of silicon vertex detectors [7] in the target region, multi-wire proportional chambers downstream of the interaction region, and two oppositely polarized dipole magnets. Particle identification is performed by three thresholdČerenkov counters, two electromagnetic calorimeters, a hadronic calorimeter, and two muon systems. The main FOCUS trigger required tracks outside of the central region and approximately 25 GeV (or more) of energy in the hadron calorimeter. D + s decays are reconstructed using a candidate driven vertex algorithm [8] . A decay vertex is formed from the reconstructed charged tracks. The K 0 S → π + π − decays are reconstructed using techniques described elsewhere [9] . Briefly, K 0 S → π + π − decays can occur anywhere along the spectrometer. Depending on where the decays occur (upstream of the first magnet or inside the magnetic field) and on how many multi-wire proportional chambers each pion passes, the K 0 S are given a type number and the different types vary in mass resolution and in purity. The momentum information from the K 0 S and the charged tracks is used to form a candidate D momentum vector, which is intersected with other tracks to find the primary (production) vertex. Even though it is possible for the production vertex to be identified with a single track plus the D + s momentum vector, the signal quality is greatly improved by demanding at least two primary tracks. Events are selected based on several criteria. The confidence level for the production vertex and for the charm decay vertex must be greater than 1%. The likelihood for each charged particle to be a proton, kaon, pion, or electron based onČerenkov particle identification is used to make additional requirements [10] . We define a χ 2 -like variable W i as −2 ln(likelihood i ) for the hypothesis i. In order to reduce background due to secondary interactions of particles from the production vertex, we require the decay vertex to be located outside the target material. We enhance the signal quality by cutting on the isolation variables, Iso1 and Iso2. The isolation variable Iso1 requires that the tracks forming the D candidate vertex have a confidence level smaller than the cut to form a vertex with the tracks from the primary vertex. The isolation variable Iso2 requires that the tracks not assigned to the primary or secondary vertices have a confidence level smaller than the cut to form a vertex with the D candidate daughters.
For this channel we have excellent secondary vertex resolution with at least three charged tracks defining the vertex. We require Iso2 less than 1% so the secondary vertex is isolated from other tracks. We require Iso1 less than 1% to make sure the D 
For the charged kaon candidate in the normalization channel we require W π − W K > 2. We also require the distance L (∼5 mm) between the primary and secondary vertices divided by its error σ L (∼500 µm) to be at least 7. Lastly, we require an additional
2 . This eliminates D * + background events, which simplifies the fitting function. is misidentified as a kaon and the shape is determined from a Monte Carlo simulation. The combinatoric background is fit with a 2 nd degree polynomial. We find 763
It is worth noting that this channel has been previously studied by the FOCUS Collaboration and the signal yields reported in this paper are comparable to the results already published [11] . We measure the branching fraction of the D
The relative efficiency is determined by Monte Carlo simulation. The relative branching fraction is reported assuming non-resonant decays for both channels. We test for dependency on cut selection in both modes by individually varying each cut. In Figure 2 we present the ratio of branching fractions for D
a function of significance of separation between the primary and secondary, isolation of the secondary, and confidence level of the secondary vertex. 
as a function of significance of separation between the primary and secondary (first eight sets), isolation of the secondary (next five sets), and confidence level of the secondary vertex (final 10 sets).
We studied systematic effects due to uncertainties in the reconstruction efficiency, in the unknown resonant substructure, and in the fitting procedure. To determine the systematic error due to the reconstruction efficiency we follow a procedure based on the S-factor method used by the Particle Data Group [12] . For each mode we split the data sample into two independent subsamples based on D + s momentum, particle versus antiparticle, decays inside the target material versus outside of target material, and on the period of time in which the data was collected. These splits provide a check on the Monte Carlo simulation of charm production, on the vertex detector (which was upgraded during the run), and on the simulation of the detector stability. We then define the split sample variance as the difference between the scaled variance and the statistical variance if the former exceeds the latter. The method is described in detail in reference [13] . We vary the subresonant states in the Monte Carlo and use the variance in the branching ratios as a contribution to the systematic error. We investigate the systematic effects based on different fitting procedures and we find this contribution to be small. The branching ratio is evaluated under various cut selection criteria, and the variance of the results is used as an additional systematic error. The systematic effects are then all added in quadrature to obtain the final systematic error. Table 1 summarizes the contributions to the systematic errors for the
branching ratio.
The result,
= 0.18 ± 0.04 ± 0.05, is summarized in Table 2 .
This is a challenging channel to reconstruct as we typically only have a detached silicon track from the production vertex and a K 0 S to indicate a candidate. Several criteria are used to improve the signal over background. Since Table 1 Summary of the systematic error contributions for any signal was expected to be small the selection criteria are optimized using Monte Carlo signal events and sideband background events. The figure of merit used was S/ √ B and the cuts were chosen sequentially. At each step, the S/ √ B distribution was determined for the full range of each cut. The cut which had the highest S/ √ B was selected and a cut was made more conservative than the maximum S/ √ B point. The procedure was then repeated until no further improvement was possible. To reduce the effect of long-lived decays and reinteractions, the proper decay time must be less than 2.5 ps with an uncertainty less than 0.12 ps. To help separate charm from combinatoric background, a momentum asymmetry cut on the two body D + s decay was used: 
The level is found by taking the same generated events, reconstructing them properly, and determining the yield. This Monte Carlo yield is then compared to the yield of the data D 
is allowed in the fit. The shape is obtained from Monte Carlo simulation but the level is allowed to vary in the fit since the branching ratio is poorly known and we do not have a fully reconstructed sample available. As before, the fifth contribution is generic combinatoric background which is modeled with a quadratic polynomial. weighted by the inverse of the square of the uncertainty, is calculated
The systematic uncertainty is obtained from the square root of the standard deviation which comes from a "weighted" χ 2 :
where σ 0 is the uncertainty on the default measurement.
For each of the cut variants, both the D + yield, again weighted by the uncertainty squared, gives the systematic uncertainty. The systematic uncertainty on the yield from the fit variations is 9.0 events which corresponds to a relative uncertainty of 8.0% and translates into a systematic uncertainty on the branching ratio of σ f it sys = 0.008. Adding the cut and fit systematic uncertainties in quadrature gives a total systematic uncertainty on the branching ratio of 0.013.
V. SUMMARY OF RESULTS
In conclusion we have presented the first evidence of the Cabibbo suppressed decay mode D 
= 0.18 ± 0.04 ± 0.05. A naive expectation for this branching ratio is tan 2 θ C = 0.054. Compared with this expectation the branching ratio is more than 3 times larger. One contributing factor is there is more phase space available in the D
Another factor is that the K 0 S in the denominator of the ratio comes from a K 0 . In the numerator the K 0 S may be the result of either a K 0 or a K 0 decay. Perhaps a better understanding of this ratio would result from reporting the ratio
. Using the branching ratio reported in reference [11] for = 0.104 ±0.024 ±0.013. This branching ratio is also larger than tan 2 θ C , but is slightly smaller than predictions [4, 5, 6 ] which range from 14% to 17%. The results are summarized in Table 2 . Table 2 Branching ratios, event yields, and efficiency ratios for modes involving a K 0 S . All branching ratios are inclusive of subresonant modes.
Decay Mode
Ratio of Events Efficiency Ratio Branching Ratio
1.34 0.18 ± 0.04 ± 0.05
1.39 0.104 ± 0.024 ± 0.013
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